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(57) ABSTRACT 

A computer program product for identifying bottlenecks 
includes a computer readable storage medium with stored 
computer readable program instructions. The computer read 
able program instructions, when executed, provide a data 
collector module, a mapper module, and an analyzer module 
that are collectively configured to read mapped data and con 
figuration files, and identify, based upon the mapped data and 
the configuration files, an undesirable bottleneck condition 
that causes a computer program to run inefficiently. A method 
includes reading a configuration file that includes data regard 
ing processor components, and collecting data from hardware 
activity counters based upon the configuration file. The 
method also includes mapping the collected data to corre 
sponding sections of code of a computer program, reading the 
mapped data and the configuration file, and identifying, based 
upon the reading of the mapped data and the configuration 
file, an undesirable bottleneck condition that causes the pro 
cessor to run the computer program inefficiently. 
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PERFORMANCE BOTTLENECK 
IDENTIFICATION TOOL 

BACKGROUND 

0001. The present invention relates to a bottleneck identi 
fication and reporting tool, and more specifically to a module 
level bottleneck identification and reporting tool that collects 
data and identifies, based upon the collected data, an unde 
sirable bottleneck condition that causes a computer program 
to run inefficiently. During performance analysis, an analyst 
determines a computer program's behavior based upon infor 
mation gathered as that program is executed by a processor of 
a computer. For example, the analyst determines sections of 
code of the computer program that the processor is running 
inefficiently, Such as sections of code that are taking longer 
than expected to execute and/or occupying more memory 
than expected. High performance computing involves the use 
of parallel Supercomputers and/or computer clusters. A com 
puter cluster is a computing system that includes multiple 
processors linked together forming a single system. A high 
performance computing (HPC) application is characterized 
by huge datasets and/or complex, parallelized algorithms that 
run for prolonged periods of times, such as one or more days. 
HPC applications may be run on parallel Supercomputers 
and/or computer clusters. 

BRIEF SUMMARY 

0002. According to one embodiment of the present inven 
tion, a computer program product for identifying bottlenecks 
may include a computer readable storage medium having 
computer readable program instructions embodied therewith. 
When executed, the computer readable program instructions 
provide a data collector module configured to read a configu 
ration file that includes data regarding components of a pro 
cessor. The data collector module is further configured to 
collect data from hardware activity counters of the processor 
based upon the configuration file; a mapper module config 
ured to map the collected data from the data collector module 
to corresponding sections of code of a computer program 
being executed by the processor, and an analyzer module 
configured to read the mapped data and the configuration file. 
That analyzer module is also configured to identify, based 
upon the mapped data and the configuration file, an undesir 
able bottleneck condition that causes the computer program 
to run inefficiently. 
0003. According to another embodiment of the present 
invention, a method may include reading a configuration file 
that includes data regarding components of a processor; col 
lecting data from hardware activity counters of the processor 
based upon the configuration file; mapping the collected data 
to corresponding sections of code of a computer program 
being executed by the processor, and reading the mapped data 
and the configuration file. The method also involves identi 
fying, based upon the reading of the mapped data and the 
configuration file, an undesirable bottleneck condition that 
causes the processor to run the computer program ineffi 
ciently. 
0004. According to a further embodiment of the present 
invention, a computer program product for identifying bottle 
necks may include a computer readable storage medium hav 
ing computer readable program instructions embodied there 
with. The computer readable program instructions are 
executed by a computer to read a configuration file that 
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includes data regarding components of a processor; collect 
data from hardware activity counters of the processor based 
upon the configuration file; map the collected data to corre 
sponding sections of code of a computer program being 
executed by the processor; and read the mapped data and the 
configuration file. Those instructions are also executed by a 
computer to identify one or more sections of the code that are 
bottlenecks when the processor is running the computer pro 
gram and the one or more processor components that are 
associated with the bottlenecks. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0005 FIG. 1 schematically depicts an example of a com 
puter. 
0006 FIG. 2 schematically depicts an example of a pro 
cessor unit of the computer of FIG. 1. 
0007 FIG.3 schematically depicts an example of a bottle 
neck identification and reporting tool. 
0008 FIG. 4 depicts an example of method performed by 
an analyzer module of the bottleneck identification reporting 
tool of FIG. 3. 
0009 FIG. 5 depicts an example of a bottleneck identifi 
cation report. 
0010 FIG. 6 depicts an example of a method of identify 
ing bottlenecks. 

DETAILED DESCRIPTION 

0011. As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
0012. Any combination of one or more computer readable 
medium(s) may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
0013. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
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embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0014 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF cable, etc., or any suitable combination of the 
foregoing. 
0015 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
combination of one or more programming languages, includ 
ing an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
0016 Aspects of the present invention are described 
below with reference to flowchart illustrations and/or block 
diagrams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 

0017. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, Such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0018. The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
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(0019. With reference now to FIG. 1, a block diagram of a 
computer 10 is shown in which illustrative embodiments may 
be implemented. Computer 10 may include computer-usable 
program code or instructions implementing the processes 
may be located for the illustrative embodiments. In this 
example, computer 10 includes a communications pathway 
12, which provides communications between a processor unit 
14, memory 16, a persistent storage 18, a communications 
unit 20, an input/output (I/O) unit 22, and a display 24. In 
other examples, computer 10 may include more or fewer 
devices or units. 

0020 Processor unit 14 may serve to execute instructions 
for software that may be loaded into memory 16. Processor 
unit 14 may be a set of one or more processors or may be a 
multi-processor core, depending on the particular implemen 
tation. Further, processor unit 14 may be implemented using 
one or more heterogeneous processor Systems in which a 
main processor is present with secondary processors on a 
single chip. As another example, processor unit 14 may be a 
symmetric multi-processor System containing multiple pro 
cessors of the same type. 
0021 Memory 16 and persistent storage 18 are examples 
of storage devices. A storage device is any piece of hardware 
that is capable of storing information either on a temporary 
basis and/or a permanent basis. Memory 16 may be, for 
example, a random access memory or any other Suitable 
volatile or non-volatile storage device. Persistent storage 18 
may take various forms depending on the particular imple 
mentation. For example, persistent storage 18 may contain 
one or more components or devices. For example, persistent 
storage 18 may be a hard drive, a flash memory, a rewritable 
optical disk, a rewritable magnetic tape, or some combination 
of the above. The media used by persistent storage 18 also 
may be removable. For example, a removable hard drive may 
be used for persistent storage 18. 
0022 Communications unit 20, in these examples, pro 
vides for communications with other data processing systems 
or devices. For example, communications unit 20 may be a 
network interface card. Communications unit 20 may provide 
communications through the use of either or both physical 
and wireless communications links. 
0023. Input/output unit 22 allows for input and output of 
data with other devices that may be connected to computer 10. 
For example, input/output unit 22 may provide a connection 
for user input through a keyboard and mouse. Further, input/ 
output unit 22 may send output to a printer. Display 24 dis 
plays information to a user. 
0024. Instructions for the operating system and applica 
tions or programs are located on persistent storage 18. These 
instructions may be loaded into memory 16 for execution by 
processor unit 14. The processes of the different embodi 
ments may be performed by processor unit 14 using computer 
implemented instructions, which may be located in a 
memory, Such as memory 16. Those instructions are referred 
to as program code, computer-usable program code, or com 
puter-readable program code that may be read and executed 
by a processor in processor unit 14. The program code in the 
different embodiments may be embodied on different physi 
cal or tangible computer-readable media, Such as memory 16 
or persistent storage 18. 
0025 Program code 26 may be located in a functional 
form on a computer-readable media 28 that is selectively 
removable and may be loaded onto or transferred to computer 
10 for execution by processor unit 14. Program code 26 and 
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computer-readable media 28 form computer program product 
30 in the example of FIG. 1. In one example, computer 
readable media 28 may be in a tangible form, such as, for 
example, an optical or magnetic disc that is inserted or placed 
into a drive or other device that is part of persistent storage 18 
for transfer onto a storage device. Such as a hard drive that is 
part of persistent storage 18. In a tangible form, computer 
readable media 28 also may take the form of a persistent 
storage. Such as a hard drive, a thumb drive, or a flash memory 
that is connected to computer 10. The tangible form of com 
puter-readable media 28 is also referred to as computer-re 
cordable storage media. In some instances, computer-record 
able media 28 may not be removable. 
0026. Alternatively, program code 26 may be transferred 

to computer 10 from computer-readable media 28 through a 
communications link to communications unit 20 and/or 
through a connection to input/output unit 22. The communi 
cations link and/or the connection may be physical or wire 
less in the examples. The computer-readable media also may 
take the form of non-tangible media, Such as communications 
links or wireless transmissions containing the program code. 
The different components illustrated for computer 10 are not 
meant to provide architectural limitations to the manner in 
which different embodiments may be implemented. The dif 
ferent illustrative embodiments may be implemented in a data 
processing system including components in addition to, or in 
place of those illustrated for computer 10. As one example, a 
storage device in computer 10 is any hardware apparatus that 
may store data. Memory 16, persistent storage 18, and com 
puter-readable media 28 are examples of storage devices in 
tangible forms. 
0027. In another example, a bus system may be used to 
implement communications pathway 12 and may be com 
prised of one or more buses, such as a system bus or an 
input/output bus. Of course, the bus system may be imple 
mented using any suitable type of architecture that provides 
for a transfer of data between different components or devices 
attached to the bus system. Additionally, a communications 
unit may include one or more devices used to transmit and 
receive data, Such as a modem or a network adapter. Further, 
a memory may be, for example, memory 16 or a cache Such as 
found in an interface and memory controller hub that may be 
present in communications pathway 12. In one example, 
computer 10 may be a high performance computer that 
includes parallel Supercomputers and/or computer clusters. 
0028 Referring now to FIG. 2, an example of a processor 
unit 14 is shown. Processor unit 14 may include, for example, 
an integrated circuit SuperScalar microprocessor fabricated 
on a single monolithic semiconductor Substrate. The proces 
Sor unit may include various execution units, registers, buff 
ers, memories, and other functional units as discussed in 
greater detail below. Processor unit 14 may be coupled to 
communications pathway 12 via abus interface unit (BIU)32 
and a processorbus 34, which may include address, data, and 
control buses. BIU 32 may control the transfer of information 
between processor unit 14 and other devices coupled to com 
munications pathway 12, Such as memory 16 and persistent 
storage 18. Processor unit 14 also may include other devices 
coupled to communications pathway 12. 
0029 BIU 32 may be connected to an instruction cache 
and memory management unit 36 and a data cache and 
memory management unit 38 within processor unit 14. High 
speed caches, such as those within instruction cache 36 and 
data cache 38, may enable processor unit 14 to achieve rela 
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tively fast access times to a Subset of data or instructions 
previously transferred from memory 16, which may improve 
the speed of operation of computer 10. Data and instructions 
stored within data cache 38 and instruction cache 36, respec 
tively, may be identified and accessed by address tags, each 
comprising a selected number of bits (such as the high-order 
bits) of the memory physical address in which the data or 
instruction reside. 

0030. A sequential fetch unit 40 may retrieve instructions 
for execution from instruction cache 36 during each clock 
cycle. In some embodiments, if sequential fetch unit 40 
retrieves a branch instruction from instruction cache 36, the 
branch instruction may be forwarded to a branch processing 
unit (BPU) 42 for execution. Sequential fetch unit 40 may 
forward non-branch instructions to an instruction queue 44. 
where the instructions are stored temporarily pending execu 
tion by other functional units of processor unit 14. A dispatch 
unit 44 may be responsible for retrieving stored instructions 
from queue 44 and forwarding the instructions to an issue unit 
(ISU) 48. Dispatch unit 44 may schedule dispatch of instruc 
tions to an issue unit 48 based, in part, upon instruction 
completion information received from a completion unit 50. 
0031 ISU 48 may include one or more issue queues 49a, 
49b, 49c, etc. (which may be collectively or generically 
referred to issues queue(s)49). ISU 48 may be responsible for 
maintaining fully loaded pipelines by issuing new instruc 
tions in each cycle to the execution units whenever possible. 
In some embodiments, instructions may be issued from ISU 
48 out-of-order. The execution circuitry of processor unit 14, 
in addition to BPU 42, may include multiple functional units 
for executing sequential instructions, including a fixed-point 
unit (FXU) 52, load/store unit (LSU) 54, and floating-point 
unit (FPU) 56. Each of execution units 52, 54, and 56 may 
execute one or more instructions of a particular type of 
sequential instruction during each processor cycle. For 
example, FXU52 may perform fixed-point mathematical and 
logical operations, such as addition, Subtraction, ANDing, 
ORing, and XORing, utilizing Source operands received from 
specified general purpose registers (GPRS) 58. Following the 
execution of a fixed-point instruction, FXU52 may output the 
data results of the instruction to GPR buffers 60, which may 
provide storage for the result received on a result bus 62. 
0032) FPU 56 may perform single and/or double-preci 
sion floating-point arithmetic and logical operations, such as 
floating-point multiplication and division, on Source oper 
ands received from floating-point registers (FPRs) 64. FPU 
56 may output data resulting from the execution of floating 
point instructions to selected FPR buffers 66, which may store 
the result data. LSU54 may execute floating-point and fixed 
point load instructions, which load data from data cache 38, a 
lower level cache memory (not depicted), or memory 16. That 
data is loaded into selected GPRS 58 and/or FPRS 64 and 
floating-point and fixed-point store instructions, which store 
data from a selected one of GPRS 58 or FPRS 64 to data cache 
38 and, ultimately, to memory 16. 
0033 Referring now to FIG.3, an example of a bottleneck 
identification and reporting tool 70 is shown. The tool may be 
in the form of a computer program product for identifying 
bottlenecks. That computer program product may include a 
computer readable storage medium having computer read 
able program instructions embodied therewith. Those 
instructions may, when executed, provide for a bottleneck 
detection engine 72. The bottleneck detection engine may be 
referred to operate between an operating system 74 and an 
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application space 76. The bottleneck detection engine may 
include a data collector module 78, a mapper module 80, an 
analyzer module 82, a data warehouse module 84, and a 
report generator module 86. 
0034. Data collector module 78 may be configured to read 
a configuration file 88 and/or collect data from hardware 
activity counters 90 of processor unit 14 based upon the 
configuration file. The configuration file may include data 
regarding components of the processor unit. For example, 
configuration file 88 may include data regarding the architec 
ture and/or microarchitecture of processor unit 14, Such as 
cycle information, including information on stall cycles, flush 
cycles, reject cycles, and/or useful cycles. Additionally, the 
configuration file may provide a way to attribute time spent 
(e.g., the cycles the program ran) to various units of the 
microarchitecture. Moreover, the configuration file may con 
tain a detailed breakdown of various CPI stall components 
which contribute to the bottleneck condition. For instance the 
configuration file may contain high level detailed informa 
tion, such as stalls due to LSU, stalls due to VSU, stalls due to 
IFU, etc. If a user is interested in knowing additional or finer 
details about the bottleneck, the configuration file may con 
tain further breakdown information. For example, LSU stalls 
may be further broken down into stalls due to Rejects, stalls 
due to D-cache misses, stalls due to Store instructions, etc. 
That breakdown information may provide a more detailed 
picture of the bottleneck condition in the code. If further 
breakdown information of an individual component is pos 
sible, that information can be added or represented in the 
configuration file. Based on the configuration file, the ana 
lyzer module may analyze the code and report the bottleneck 
to the user. 

0035. The data collector module may initialize the hard 
ware activity counter(s) to collect an initial set of databased 
upon inputs from the configuration file. The initial set of data 
may include any Suitable information, Such as key microar 
chitectural metrics and events associated with the processor 
microarchitecture based upon inputs from the configuration 
file. Data collector module 78 may then store the initial set of 
data in data warehouse module 84. The data collector module 
may store the initial set of data with key tag(s) that correspond 
to architectural event(s). The data collector module may col 
lect additional data based upon instructions from analyzer 
module 82, as further described below. 
0036 Mapper module 80 may be configured to map the 
collected data from the data collector module to correspond 
ing sections of code of a computer program (or application) 
being executed by processor unit 14. The mapper module may 
map the collected data to various modules or sections of the 
code. Additionally, mapper module 80 may provide mapping 
of the assembly code to the high-level code. The mapper 
module may read the collected data from data warehouse 
module 84 and store the mapped data in the data warehouse 
module. After execution, the mapper module may call ana 
lyzer module 82. Alternatively, the analyzer module may poll 
one or more of the other modules to determine when it should 
start its analysis. 
0037 Analyzer module 82 may be configured to read 
mapped data from mapper module 80 and configuration file 
88, and/or to identify, based upon the mapped data and con 
figuration file, an undesirable bottleneck condition that 
causes the computer program to run inefficiently. The ana 
lyzer module may be configured to identify the undesirable 
bottleneck condition as section(s) of code that cause proces 
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Sor unit 14 to run the computer program inefficiently. Addi 
tionally, analyzer module 82 may be configured to identify, 
based upon the mapped data and/or configuration file 88. 
component(s) of processor unit 14 associated with the iden 
tified section(s) of code that cause processor unit 14 to run the 
computer program inefficiently. For example, the analyzer 
module may correlate instructions information and hardware 
activity data with microarchitecture information. Addition 
ally, analyzer module 82 may isolate processor components 
and identify particular bottlenecks, such as LSU bottleneck, 
branch bottleneck, issue queue bottleneck, global completion 
table bottleneck, and cache bottleneck, based upon high level 
components listed in configuration file 88. The analyzer mod 
ule may be configured to store the identified section(s) of code 
and the identified component(s) of processor unit 14 in data 
warehouse module 84. 

0038 Based upon analysis of the initial set of data, ana 
lyzer module 82 may be configured to identify a high-level 
bottleneck condition and/or the processor component(s) 
involved with that condition. If a further breakdown of the 
bottleneck is possible from the configuration file information, 
then the analyzer module may be configured to identify pos 
sible bottleneck indicator events to monitor and/or instruct 
the data collector module to collect additional data from 
processor component(s) identified previously. The additional 
data may include, for example, further event data associated 
with section(s) of code that may be causing processor unit 14 
to run the computer program inefficiently, Such as data gath 
ered from bottleneck breakdown information in the configu 
ration file. 

0039 Data collector module 78 may be configured, upon 
receiving a request from analyzer module 82, to collect addi 
tional data from the processor components identified previ 
ously. For example, the data collector module may be config 
ured to collect event data associated with section(s) of code 
that may be causing processor unit 14 to run the computer 
programinefficiently. Analyzer module 82 may be configured 
to analyze the additional data collected by data collector 
module 78 and identify portion(s) of the additional data that 
cause the processor to run the computer program inefficiently. 
Based upon analysis of the additional data, analyzer module 
82 may be configured to determine if there is sufficient data to 
identify or pinpoint the bottleneck condition(s). Such as at the 
lowest possible granularity given by the configuration file. If 
the data is insufficient, then the analyzer module may be 
configured to identify possible bottleneck indicator events to 
monitor and/or instruct the data collector module to collect 
further data from processor component(s) identified previ 
ously. The above process may be repeated until sufficient 
detailed data is available to pinpoint the bottleneck condition 
(s). When sufficient data is available, the analyzer module 
may be configured to store the results of the analysis in data 
warehouse module 84. 

0040 Data warehouse module may be configured to store 
data from one or more other modules, such as data collected 
by data collector module 78, mapped data from mapper mod 
ule 80, data from analyzer module 82, and analysis results 
from the analyzer module. The data warehouse module may 
be further configured to be read by one or more of the other 
modules of bottleneck engine 72. Report generator module 86 
may be configured to read analysis results stored in data 
warehouse module 84 and to format a report of the analysis. 
0041 Referring now to FIG. 4, an example of a method 
100 performed by analyzer module 82 is shown. While FIG. 
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4 shows illustrative steps of a method according to one 
embodiment, other embodiments may omit, add to, and/or 
modify any of the steps shown in that figure. In step 102, the 
analyzer module may initialize. Such as when the mapper 
module calls the analyzer module. In step 104, the analyzer 
module may read the data warehouse module for initial data. 
In step 106, the analyzer module may read the configuration 
file for high-level breakdown analysis data. In step 108, the 
analyzer module may identify bottleneck component(s) for 
each code section. In step 110, the analyzer module may 
request the data collector module to collect data for identified 
components, such as the components identified in step 108. In 
step 112, the analyzer module may analyze the data obtained 
by the data collector module to obtain details of the bottleneck 
condition(s). In step 114, the analyzer module may store 
results of the analysis in the data warehouse module. 
0042. Referring now to FIG. 5, an example of a bottleneck 
identification report 92 generated by report generator module 
86 is shown. The report includes a “Module' column 93, a 
“Hot” column 94, an “Address Range” column 95, a “Bottle 
neck’ column 96, and a “Details' column 97. The Module 
column may include function(s) and/or Sub-routine(s) in the 
computer program being analyzed. Hot column 94 may indi 
cate, for example, delay of the particular function or Subrou 
tine identified in module column 93. Address Range column 
95 may refer to section(s) of the code associated with the 
delay identified in the Hot column. Bottleneck column 96 
may indicate whether the delay identified in the Hot column 
is high enough (or exceeds a predetermined threshold) that an 
undesirable bottleneck condition exists. Details column 97 
may include additional information on the bottleneck, if one 
exists. Although bottleneck identification report 92 is shown 
with particular columns and formatting, the report may 
include any suitable columns and/or formatting. 
0043 Referring now to FIG. 6, an example of a method 
200 of identifying bottlenecks is shown. While FIG. 6 shows 
illustrative steps of a method according to one embodiment, 
other embodiments may omit, add to, and/or modify any of 
the steps shown in that figure. In step 202, a configuration file 
that includes data regarding components of a processor may 
be read. The configuration file may, for example, include 
functions and protocols of the components. In step 204, data 
from hardware activity counters of the processor may be 
collected based upon the configuration file. In step 206, col 
lected data may be mapped to corresponding sections of code 
of a computer program being executed by the processor. In 
step 208, mapped data and the configuration file may be read. 
In step 210, an undesirable bottleneck condition that causes 
the processor to run the computer program inefficiently may 
be identified based upon the reading of the mapped data and 
the configuration file. The identifying step may include iden 
tifying section(s) of code that are bottlenecks when the pro 
cessor is running the computer program and/or the processor 
components associated with the bottlenecks. 
0044) Method 200 may include other steps. For example, 
method 200 may include reading the configuration file and/or 
collecting, from the identified processor components, event 
data associated with the identified section(s) of code based 
upon the configuration file. Additionally, method 200 may 
include identifying portion(s) of the collected event data that 
indicate bottlenecks when the processor is running the com 
puter program. Moreover, method 200 may include storing 
the mapped data in memory and/or storing, in the memory, a 
list of the identified section(s) of code that are bottlenecks. 

Nov. 1, 2012 

Furthermore, method 200 may include reading data from 
memory and generating a report that includes the list of iden 
tified section(s) of code that are bottlenecks. 
0045. The flowchart and block diagrams in the figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0046. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises” and/ 
or “comprising, when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
0047. The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. 

What is claimed is: 
1. A computer program product for identifying bottle 

necks, the computer program product comprising: 
a computer readable storage medium having computer 

readable program instructions embodied therewith, the 
computer readable program instructions, when 
executed, provide: 
a data collector module configured to read a configura 

tion file that includes data regarding components of a 
processor, the data collector module being further 
configured to collect data from hardware activity 
counters of the processor based upon the configura 
tion file; 



US 2012/0278594 A1 

a mapper module configured to map the collected data 
from the data collector module to corresponding sec 
tions of code of a computer program being executed 
by the processor, and 

an analyzer module configured to read the mapped data 
and the configuration file, and identify, based upon the 
mapped data and the configuration file, an undesirable 
bottleneck condition that causes the computer pro 
gram to run inefficiently. 

2. The computer program product of claim 1, wherein the 
analyzer module is configured to identify the undesirable 
bottleneck condition as one or more sections of the code that 
cause the processor to run the computer program inefficiently. 

3. The computer program product of claim 2, wherein the 
analyzer module is further configured to identify, based upon 
the mapped data and the configuration file, one or more pro 
cessor components associated with the identified one or more 
sections of the code. 

4. The computer program product of claim 3, wherein the 
analyzer module is further configured to instruct the data 
collector module to collect, from the identified one or more 
processor components, event data associated with the identi 
fied one or more sections of the code. 

5. The computer program product of claim 4, wherein the 
data collector module is further configured, upon receiving a 
request from the analyzer module, to collect, from the iden 
tified one or more processor components, event data regard 
ing the identified one or more sections of the code. 

6. The computer program product of claim 5, wherein the 
analyzer module is further configured to identify one or more 
portions of the collected event data that cause the processor to 
run the computer program inefficiently. 

7. The computer program product of claim 1, wherein the 
computer readable program instructions, when executed, fur 
ther provide a data warehouse module configured to store 
data, wherein the mapper module is further configured to 
store the mapped data in the data warehouse module and the 
analyzer module is further configured to store the identified 
one or more sections of the code in the data warehouse mod 
ule. 

8. The computer program product of claim 1, wherein the 
configuration file includes data regarding microarchitecture 
information of the processor. 

9. A method, comprising: 
reading a configuration file that includes data regarding 

components of a processor, 
collecting data from hardware activity counters of the pro 

cessor based upon the configuration file; 
mapping the collected data to corresponding sections of 

code of a computer program being executed by the pro 
cessor, 

reading the mapped data and the configuration file; and 
identifying, based upon the reading of the mapped data and 

the configuration file, an undesirable bottleneck condi 
tion that causes the processor to run the computer pro 
gram inefficiently. 
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10. The method of claim 9, wherein the identifying step 
involves identifying one or more sections of the code that are 
bottlenecks when the processor is running the computer pro 
gram and the processor components associated with the 
bottlenecks. 

11. The method of claim 10, further comprising reading the 
configuration file and collecting, from the identified proces 
Sor components, event data associated with the identified one 
or more sections of the code based upon the configuration file. 

12. The method of claim 11, further comprising identifying 
one or more portions of the collected event data that indicate 
bottlenecks when the processor is running the computer pro 
gram. 

13. The method of claim 9, further comprising storing the 
mapped data in memory. 

14. The method of claim 13, further comprising storing, in 
the memory, a list of the identified one or more sections of the 
code that are bottlenecks. 

15. The method of claim 14, further comprising reading 
data from the memory, and generating a report that includes 
the list of the identified one or more sections of the code that 
are bottlenecks. 

16. A computer program product for identifying bottle 
necks, the computer program product comprising: 

a computer readable storage medium having computer 
readable program instructions embodied therewith, 
wherein the computer readable program instructions are 
executed by a computer to: 

read a configuration file that includes data regarding com 
ponents of a processor, 

collect data from hardware activity counters of the proces 
Sor based upon the configuration file; 

map the collected data to corresponding sections of code of 
a computer program being executed by the processor; 

read the mapped data and the configuration file; and 
identify one or more sections of the code that are bottle 

necks when the processor is running the computer pro 
gram and the one or more processor components that are 
associated with the bottlenecks. 

17. The computer program product of claim 16, wherein 
the computer readable program instructions are executed by 
the computer to collect, from the identified one or more 
processor components, event data associated with the identi 
fied one or more sections of the code that are bottlenecks. 

18. The computer program product of claim 17, wherein 
the computer readable program instructions are executed by 
the computer to identify one or more portions of the collected 
event data that are bottlenecks when the processor is running 
the computer program. 

19. The computer program product of claim 16, wherein 
the computer readable program instructions are executed by 
the computer to store the mapped data in memory. 

20. The computer program product of claim 19, wherein 
the computer readable program instructions are executed by 
the computer to store, in the memory, a list of the identified 
one or more sections of the code that are bottlenecks. 
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